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many parts of the world ocean, ocean models are beginning to reach a level
of development where these data can be used for verification (Haney, 1979;
Huang, 1979; Bryan and Lewis, 1979). Recently, the mesoscale statistics of
the North Atlantic have been predicted in a high-resolution model (Holland
and Rhines, 1980).

For ocean models used in the study of the transient response of climate,
anthropogenic tracers such as tritium and bomb-produced 14C are particularly
valuable. These tracers show how particles introduced at the surface are
carried downward. The data set collected by the GEOSECS program and
cooperating groups provides a useful verification for ocean transport models.

In view of the importance of the ocean in the response of climate to
increasing CO2, it is recognized that the development of ocean models to a
level comparable with that of atmospheric models is a matter of urgency. It
is recommended that the requirements of ocean models be given high priority
in the planning of oceanographic field programs planned by the World
Climate Research Program.

Much has been learned with atmospheric models without an ocean
component. In the same way, much can be learned with an ocean model
coupled to a very simple atmospheric model or one with specified boundary
conditions. There are many complex problems in developing coupled ocean-
atmosphere models, not the least of which is that the atmospheric models
have been calibrated without active oceans. There is no need, however, to
wait until fully tested, universally accepted coupled models are available
before moving beyond the oversimplified 1-D models now being used to
interpret the tracer data and estimate transient climate response.

An inadequate but growing body of data exists for verifying models of
ice-pack formation and movement. Satellites provide data on the extent of
the ice, and satellite-tracked beacons are providing a new data set on the
movement of ice. Less adequate is the information on ice-thickness distribution
in the polar oceans. Models of the ice pack designed for climate-response
calculations have been verified against the observed distribution of ice
(Parkinson and Washington, 1979; Parkinson and Kellogg, 1979; Hibler,
1981), but the level of verification in a fully integrated climate model is less
satisfactory (Manabe and Stouffer, 1980).

Planetary Studies

One useful test of the greenhouse theory can be obtained from empirical
examination of other planets that in effect provide an ensemble of experiments
over a wide range of conditions. The atmosphere of Mars, when it is dust-
free, is relatively transparent in the infrared, and the greenhouse effect is
hardly measurable. However, frequent dusty conditions and the small